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(54) Gene and protein involved in liver regeneration 

(57) Gene involved in regeneration processes of the 
liver and comprising a nucleotide sequence which is at 
least 70% homologous to the sequence of figure 1 , or 
the complementary strand thereof, for use in the design 
of PCR probes for detecting nucleotide sequences in a 
source material, which nucleotide sequences represent 
genes corresponding with the gene sequence of figure 
1 ; protein encoded by said gene for use in diagnosis of 
liver regeneration and/or liver cell proliferation; and anti- 
bodies directed against this protein, a PCR primer com- 
prising at least part of said gene as a probe, and a 
single stranded nucleotide sequence being at least in 
part complementary to the messenger RNA transcribed 
from said gene as a probe, for use in a method for 
detecting the occurrence of liver cell proliferation in a 
subject. 
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Description 

tOOOl] The present invention relates to the detection of a novel gene and protein involved in liver eel 

oene and protein and related molecules, such as nudeotide probes derived from the gene and ant,bcd.es directed to 

fhTprotelr! Z also part of the invention. The gene wi.l be identified herein as RAP3 gene. Tne co.espond.ng protein 

foSf ^EKwr has the capacity to regenerate after damage or partial resection. This process may allow for 
Srv from hepa ic injuries caused by viruses, toxins, ischemia, surgery, and auxiliary Inter transplantation Uver 
s^ied extensively in the rat after a 70% partia. hepatectomy. During the first four hours follow- 
JESC^l™ is a rapid/transient transcriptiona. activation of genes involved in the .rnmediate early 
STse 2S?JSSZn of these immediate early genes during the transition from the quiescent state of ft. to* (Qrf 
iX grc^h phase (G,). a delayed early gene activation ,s initiated which peaks dunng the transact, of the 6, to the 

^^rSS^CSio the present invention nove, genes involved in the delayed early response were tfen- 
K by aXZVne express^ in rat liver a« six hours after 70% partial hepatectomy. Unregulated genes were 
by cDNA subtractive hybndization. Upregulation was quantified by Northern blotting and the truly upregulated 

!T1 Sequence analysis revealed that eight of the upregulated genes have prevously been reported to be assoc- 
"^^Z^^^Vn^ in general, one has previously been assigned an unrelated function and 

three have no sequence similarity to known genes. , ^ HAr 

0W5] The va^ous upregulated genes showed two distinct gene expression patterns dunng a 30 hour pen* l after 
Sa heoatecTomy Thelirst pattern has two peaks coincident with the G, phases of two consecutive hepatic ceM 
cydes Thet^one Ihows a narrow peak at six hours after which the gene is deregulated. The nove. gene wh,ch 
was most upregulated (3.3 fold), showed the latter gene expression pattern. -^^^^ 
Swil T^S length cDNA of this gene was Mated from a rat liver cDNA Ibary. Sequence analys.s showed ^two 
E gth cDNA's of T282 and 1834 bp. respective., encoding a nove. protein of 367 ammo acid residues. F.gures i A 
and 1 B show the nudeotide sequence of the cDNA's. Figure 2 shows the derived ammo acd sequence. 
tmn O^the basis of thisSding it became possib.e to design probes, primers and reagents for us< , jv diagnos^ 
Furthermore, based on the genera. 70% homology between the rat and human genome the correspond human gene 

Mttl iS °ProSs and primers are generally based on the nucleotide sequence of the gene. Hybridization probes can 

SI the whd orTa ge part'of the Ling or complementary strand of the sequence. PGR 

sZer arri encompass about between 10 and 50. preferably between 15 and 30. more preferably about 20 nucle- 

00091 The nudeotide sequences of some suitable PCR primers are given in the following table. 



Table ! 



40 


primer name 


nucleotide sequence 




F1RAP 


5' GCA TCG TGG AAA GCA TGG CT 3' 




F215RAP 


5' GGG ACC CTT GAG AGA GCC TG 3* 




F371RAP 


5' CTT GAG GCA GCA GTT GAA AC 3' 


45 


F571RAP 


5' TCC ACC CTT ATG CAG AAC GC 3' 




F771RAP 


5' AGT ACC TTC ATC CGT GTC AG 3' 




F971RAP 


5' CGC CTT CGC TCC AGA GTT GG 3' 


50 


F1171RAP 


5' AGG GTG GAG GGT CCT GCA TA 3' 




F1371RAP 


5' GCA AGC CAG TAC TTG ACC GT 3* 




F1621RAP 


5' GTG GTC CTG CTG GGG GAT CA 3' 


55 


R234RAP 


5' CAG GCT CTC TCA AGG GTC CC 3* 


R420RAP 


5* CTA CCT GCT CCA TCA GCT CG 3' 




R570RAP 


5' AGA GTT CTT TGA CTC GGT CC 3* 
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Table I (continued) 





primer name 


nucleotide sequence 




R770RAP 


5 GAG CTC ATC TCG CAG CTG AT 3 


c 


RQ70RAP 


*v ptp; Trin pta rv^r t 




R1170RAP 


5' CTG CCT ATT AGG CCA TGC TG 3' 




R1370RAP 


5' AGT CAG TCT CCC CCG CAC AC 3' 


10 


R1570RAP 


5' TGG CAG GGA TGT ACA CAC TC 3* 


R1837RAP 


5' TTT CCA TCA TGA GCG TCT AT 3' 



[001 0] The hybridization probes can be labeled with a detectable label, such as a radioactive or biotin label. 
is [001 1 ] Diagnosis of expression of the gene can be performed by means of a Northern blot. Total RNA or mRNA of a 
sample is separated on an agarose gel. The separation pattern is transferred to a nylon or nitrocellulose filter. An 
increase or decrease in the expression level is subsequently detected by hybridization with the above described hybrid- 
ization probe. Typically a reference sample is included for comparison. 

[001 2] In case the protein is the basic macromolecule for diagnosis polyclonal or monoclonal antibodies are used for 
20 detection. The skilled person is very well capable of preparing such antibodies based on his common knowledge. Anti- 
bodies against the protein are part of the present invention. 

[001 3] Samples to be diagnosed can be a liver biopsy, plasma or serum. The latter ca"n be used because the protein 
is secreted in the blood stream. 

[0014] With the above described diagnostic methods an increase or decrease in the expression of the gene of the 
25 invention can be detected The information that can thus be obtained is useful for establishing the efficacy of therapeutic 
agents stimulating liver regeneration and for patients who underwent an (auxiliary) liver transplantation and for monitor- 
ing patients treated with a bioartificial liver. 

[001 5] The invention is further illustrated in the following examples, which are in no way intended to be limiting to the 
invention. In the examples reference is made to the following figures: 

30 

Figure 1 A is the nucleotide sequence of the 1282 bp cDNA. 
Figure 1 B is the nucleotide sequence of the 1834 bp cDNA. 
Figure 2 shows the deduced amino acid sequence of the rap3 protein. 

Figure 3 shows a polyacrylamide gel of liver cDNA fragments before and after subtraction. 26 cDNA fragments 
35 were found to be enriched after subtraction. Some of these are indicated by arrows. Lane 1 shows liver cDNA frag- 
ments of 6 hours 70% partial hepatectomy before subtraction. Lane 2 shows cDNA fragments of 6 hours 70% par- 
tial hepatectomy after subtraction. 

Figure 4 shows the results of the Northern blot analysis of the temporal expression of RAP3 up to 30 hours after 
70% partial hepatectomy. Panel A represents the Northern blot mRNA expression patterns at 3. 6. 12, 18, 24 and 
to 30 hours after the 70% hepatectomy (hpx) and laparotomy (sham). Panel B represents the quantified hybridization 
signals indicated in Phosphorlmager arbitrary units obtained at 6, 12, 18. 24 and 30 hours after the 70% hepatec- 
tomy and laparotomy. 

The novel gene RAP3 is mostly upregulated 6 hours after partial hepatectomy after which it becomes down- 
regulated. 

45 Figure 5 shows a rat tissue Northern blot hybridized with a RAP3 cDNA probe. The RAP3 gene is specifically 
expressed in the liver. 

EXAMPLES 

so EXAMPLE 1 

Isolation of RAP3 gene associated with liver regeneration 
1 . Introduction 

£5 

[0016] Recovery from Hepatic injuries caused by viruses, toxins, ischemia, surgery and auxiliary liver transplantation 
can be achieved by regeneration of the liver. The regeneration process has been studied extensively in the rat after a 
70% partial hepatectomy. 
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[0017] During the first four hours following partial hepatectomy there is a rapid, transient transcriptional response. 
After this induction during the transition from the quiescent state of the liver (G„) to the growth phase (G,). a delayed 
early gene activation is initiated, which peaks during the transition of the G, to the DNA synthests phase (S phase). 
[0018] This example demonstrates the isolation and identification of genes which are upregulated in the regenerating 
liver 6 hours after 70% partial hepatectomy. 

2. Methods 

2.1 Rat liver tissue preparation 

[001 9] Experiments were carried out in compliance with the guidelines on the care and use of laboratory animals of 
he University of Amsterdam. Regenerating liver was obtained from male Wistar rats (200-225 g). Rats were anesthe- 
tized with ether and subjected to midventral laparotomy. Subsequently, the left lateral and the median liver lobes were 
removed (70% partial hepatectomy) (G.M. Higgins and R.M. Anderson. Arch. Pathol. 12. 186 (1931)). For sham-oper- 
ated animals, the liver was exposed by a midventral laparotomy. ^,-,0/ 
[00201 The rats were allowed to recover from anesthesia. At 3, 6, 12, 18. 24. and 30 hours, respective y, after fr.e 70% 
partial hepatectomy and sham surgery the animals were killed and the remaining liver was immediately harvested. 

2.2 RNA isolation 

[00211 Total liver RNA was isolated from liver tissue using the Trizol reagent kit (Life Technologies) ...Liver poly A* RNA 
was isolated from total liver RNA using oligo(dT)-cellulose (Boehringer Mannheim GmbH) affinity chromatography as 
described previously (Maniatis, T, Fritsch. E.F., and Sambrook, J. (1982) Molecular cloning: A laboratory Manual Cold 
Spring Harbor, NY). To obtain highly pure poly A* RNA populations the ^oW-cMse ^^^^ 
The integrity of the poly A + RNA populations was determined on Northern blot by hybnd.zat.on w.th glutath.one-S trans- 
ferase (data not shown). 

2.3 PCR-select cDNA subtraction 

[00221 The PCR-select cDNA subtraction kit (Clontech) was used to selectively amplify delayed early genes differen- 
tially expressed during liver regeneration. This method subtracts sequences common to both cDNA PWulatoons by sup- 
pressing undesirable PCR amplification, rather than by physically separating single stranded and doubte-stranded 
DNA The 6 hours 70% partial hepatectomy liver poly A* population, containing the differently expressed mRNAs, 
was compared with the 6 hours laparotomy liver mRNA population. Delayed-early genes start to appear 3 to 4 hours 
after the 70% partial hepatectomy. By using a laparotomy liver mRNA population rather than a normal liver mRNA pop- 
ulation, the two populations were equalized for acute phase mRNA's, which are induced by the operator. 
[00231 The PCR-select cDNA subtraction was performed according to the manufacturer s protocol wrth the following 
modifications. After two hybridizations, a nested PCR was used to selectively amplify the different ally expressed 
Z«es The second, nested PCR was performed in the presence of 0.5 jiM [a- 33 P]dATP (1200 Ci/mmol. final vol- 
ume 25 ul) Subsequently, the amplified and differentially expressed cDNA fragments were visualized on a denatur.ng 
4% polyacrylamide DNA sequencing gel. An X-ray film (Biomax, Kodak) was exposed overnight to the unf.xed. dned 

ra024] Figure 3 shows the results of the subtraction. Before subtraction (lane 1), the majority of the cDNA's were 
poorly identifiable, indicating the presence of many cDNA fragments of different molecular size. After subtraction (lane 
2). 26 distinct cDNA fragments were observed as bands that were not apparent before subtraction. 

2.4 Isolation and identification of visualized cDNA fragments 

[00251 The 26 cDNA fragments that became visible after PCR-select cDNA subtraction were excised from the dried 
polyacrylamide gel and heated to 100'C for 5 minutes. Subsequently, 25 »\ of the aqueous cDNA extract was used to 
amSfy the cDNA by PCR with the nested primers used in the PCR-select cDNA subtraction. The PCR product was 
ligated into pCR II (Invitrogen). transformed into INVaF' competent cells, and plated out on agar plat es conta,n.n S jarnp- 
iSn and X Gal Of each cloned PCR product. 6 white colonies were analyzed by PCR with T7 and SP6 pr.mers for the 

forSer'surTei^rtly. plasmids containing an insert were purH,«l using QIAprep (Qiagen) and Resequences of the 
inserts were determined using a dye terminator cycle sequencing system (Perkin Elmer) and a 377 DNA sequencer 
(ABI PRISM). 
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2.5 Northern Wot analysis 

[0027] To determine whether the expression of the genes found by the PCR-select subtractive hybridization is truly 
increased 6 hours after partial hepatectomy, Northern blot analysis was carried out using the purified cDNA fragments 

f as probes Poly A* RNA samples (0.8 pg) of the liver 6 hours after the hepatectomy and sham operation were electro- 
phoresed on a 0 22 M tormaldehyde*l% agarose gel, and blotted onto a Hybond-N nylon membrane (Amersham) by 
capillary transfer overnight For fixation of the poly A + RNA the blots were baked in an oven at 80°C for 2 hours. 
[0028] The inserts of the sequenced clones were amplified by PCR using the nested primers of the PCR-select cDNA 
subtraction method. Qiaquick-spin columns (Qtagen) were used to purify the PCR products. The purified PCR products 

to were radioadively labelled according to the hexamer-random primed method following the manufacturer's protocol 
(Promega). purrfied on Qiaquick-spin columns (Qiagen), and hybridized with the blots. Prehybridization (2 hours, 42°C) 
and hybridization (overnight, 42 U C) was performed in 5 x SSPE, 50% formamide. 5 x Denhardt, 0.5% SDS, and 0.1 
mg/ml sheared heat denatured herring sperm DNA. 

[0029] Following hybridization the blots were washed with 2 x SSC and 0.1% SDS for 15 min at room temperature 
is and 42°C. respectively Subsequently, the solution was replaced with 1 x SSC and 0.1% SDS and the blots were 
washed for 15 nun at room temperature and at 42°C, respectively. The amount of hybridization was analyzed and quan- 
tified using a Phosphor Imager (Molecular Dynamics). 

[0030] The fold induction of the mRNA levels observed in the 70% partially hepatectomized animals over the sham 
operated animals after the specific hybridization was adjusted for variability in RNA loading. 
20 [0031 ] The genes which were upregulated 1 .5 times or more 6 hours after 70% hepatectomy together with their iden- 
tity are given in Table II Bestde these twelve genes, three genes are indicated which expression could not be detected 
on Northern blot. The expression of the novel RAP3 gene was found to be upregulatecf3.3 told. 

25 Table II 



GENES UPREGULATED 6 HOURS AFTER A 70% 


Identity of gene 


Function 


Fold 


Fibronectin 


Liver regeneration 


1.8 


An intracisternal-A 


Liver regeneration 


1.8 


y-Actin 


Uver regeneration 


7 


Ribophorin 1 


Liver regeneration 


5.5, 1.7 & 2.3 


ct2*Macrogiobulin 


Hepatocyte proliferation in vitro 


5.4 


Ribosomal Protein S5 


Cell cycle 


3.7 & 1.9 


Ribosomal Protein L13 


Cell cycle 


2 


Amyloid A Protein 


Growth factor 


10.4 


Entactin 




N.D. 


TCP-1 -Containing Chaperonin related gene 




1.5 


31 kDa Putative Serine/Threonine protein kinase 




N.D. 


Novel RAP1 


Unknown 


1.5 


Novel RAP2 


Unknown 


1.6 


Novel RAP3 


Unknown 


3.3 


Novel RAP4 


Unknown 


N.D. 



' N.D. = not detectable on Northern Wot 
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3 method Wowing the mamtenuter's praoco KPromes ia) p hosoll o,imager (Molecular Dynamics). 

I Following h»Mdi=allon. Ihe I* was washed " were determined using 

he nine posil,.e *"«• «» I""* 1 ^^fno 1 a 3" DN^hce, <ABI PRISM). The RAP3 cDNA 
terminate cycle sequencing system (Perkm Etoer) nd a377 U « ^ T<<0 dones 

d on the already known nucleotide ^w^*^™ 1834 bp respectively. The latter showed the same 
6] Two RAP3 cDNA molecules were ^^^^SdeSide part at the 3' side, 
eotide sequence as the first, but conned an -££^££*n jn ^ 1 A . 

n ThP nucleotide sequence of the 1282 Dp nAr o cui>*r. id a 

J S "uSde sSuence of the 1834 bp RAP3 cDNA is s ^^Z^ amino acid sequence. By ana- 
59 Using GCG DNA software the nucleot.de sequences T^JJ*^ protein . lts amin o acid sequence. 
,g the six ?eading frames, the largest possible jote.n was ^<^£™ t0 form . protei n in comparison 
ting with a methionine residue and ending a i, stop colon J m RAP3 protejn . 

^r e rn^xr e T^ 

\MPLE 3 

- r ,., h* *~- * ,o hnnrs nrr 70% partial hepatectomy . 

DMfila(fllcan 6 12 18 24, and 30 hours after the 
^ Todef.nethe temporal expression of the ^^^^J^ as described ,n example 1 
* parta, hepatectomy and laparotomy were > ana lyad b 1 he e .ectrophoresed rather than poly A* 

:al RNA samp.es (20 „q) <* *» rat liver isolated ^^^^S^Wng basepairs 370 to 1 834 of the large 
1A . The Northern Wot was hybridized with a r «J^' y „^^^ W n a^ given in Figure 4. The expression 
, P3 cDNA. The result of the Northern blot and ^^^SiS^ obtained at 3. 6. 12. 18. 24. and 30 
ttern is presented as the hybridization signal m Phosphorlmager aim y 

^la^^.wasca.e.o.^ou™ 

jttJcftn. Two cWnct gene expression patterns dur,ng « » " hep J fc ^ The second on. shows a 



ene 

M ormin a tion o * tiV ^ expression 



* dado mRWA in different tissues. The various tissues 
■0044) A Northern U ot was prepared ,. ^*^n?^ S2 S Wstar ra, (,75 ,). The e»e, 
.sKeleta, muscle, spleen. ^^J^S^^- use ol laboratory anlmats o, me IM« * 



ment was carried out in 
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Amsterdam. Total liver RNA wa<; leniataw $ 

JW was prepay from 20 M g .«»« * 0* Technologies). A Northern 

1 • A rad.oact.vely labeled probe comprising t^^zn^^LT^ T <*"'>« out as Ascribed in example 
ton. The resulting Northern blot is given in RguS 5 * RAP3 cDNA was <°< the hybridS 

gene RAP3 was considered to be .mporSnt in7e Tocess ^er *• "E 

EXAMPLE 4 

who.e prote.n or a par, 0 f the protein. The protein hlanofratLp m °" oclonal antibodies are raised against the 
system or part of the protein is *»^^tJ^X^^^S^ " eXpressio " 

lated by common technques as described previously ,E , r J Phonal antibodies, raised in rabbits are iso- 

20 EXAMPLES 

ISO'atipn pf fhP rrorr o^nnndino hum^ n pfWf 

[0047] To obta.n the human analogue of the RAP? none a u 
* ^brary a colony-hybndization screening is peZ^Tas ^l^ ^ ^ C3n be VWh this 

S.nce human and rat genes have quite hcSSSS nucSet^ 2 det6Ct,0n of the r * RAP3 cDNA 

J» way rt is possible to isolate the human R^J^ 2EX£ *? * ^ C ° NA is used * s « In 
rt is sequenced as described in example 2 From the nLSS J? t * T ° characterize the human RAP3 cDNA 
protein can be deduced. the nucleotlde sequence the amino acid sequence of the human RAP3 
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SEQUENCE LISTING 



RMATION: 

•N* 1 '- Molecular Therapeutics 

^ E: Amsterdam Moiecu 

-REET: POStbuS 

DSTAL CODE (ZIP' ■ * 
EL.EPHONE : ° 2 °;!"|? 61 
ELEFAX ' 020-69^6531 

< OF SEQUENCES: 21 

an- appucatwn data-. 36 . 8 

PLICATION NUMBER. t.f u 
ON FOR SEQ ID NO: 1 : 
-FNCE CHARACTERISTICS: 
^SgStSo base pairs 

TYPE: nucleic acia 

STRANDEDNESS : Single 
; TOPOLOGY: linear 

ECULE TYPE: other nucleic acid 

, UEN CE DESCRIPTION: SEQ ID NO: 
XAGCATGGCT 

T10N FOR SEQ ID NO: 2: 
;QUENCE CHARACTERISTICS 
A ) LENGTH: 20 base pairs 
:-r TYPE: nucleic acid 
)r\ STRANDEDNESS: sinqle 
ID) TOPOLOGY: linear 
OLECULE TYPE: other nucleic acid 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

GGGACCCTTG AGAGAGCCTG 
20 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 

CTTGAGGCAG CAGTTGAAAC 
20 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 

TCCACCCTTA TGCAGAACGC 
20 

(2) INFORMATION FOR SEQ ID NO : 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AGTACCTTCA TCCGTGTCAG 

(2) INFORMATION FOR SEQ ID NO : 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ether nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: S: 

CGCCTTCGCT CCAGAGTTGG 
20 

(2) INFORMATION FOR SEQ ID NO : 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acio 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

AGGGTGGAGG GTCCTGCATA 
20 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

( C ) STRAND EDNE SS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : other nucleic acid 

( Xi ) SEQUENCE DESCRIPTION: SEQ ID NO : 8: 

GCAAGCCAGT ACTTGACCGT 
20 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : other nucleic acid 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 9 

GTGGTCCTGC TGGGGGATCA 
20 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

CAGGCTCTCT CAAGGGTCCC 
20 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 1 

CTACCTGCTC CATCAGCTCG 
20 
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(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 

AGAGTTCTTT GACTCGGTCC 
20 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



Cxi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

GAGCTCATCT CGCAGCTGAT 
20 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TO POLOG Y : 1 i ne a r 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 

CTGTGGCTAG GCGGGGGTGG 
20 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



!xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

CTGCCTATTA GGCCATGCTG 
20 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

AGTCAGTCTC CCCCGCACAC 
20 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

TGGCAGGGAT GTACACACTC 
20 
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(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STKANUHLINESS : Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18 

is 

TTTCCATCAT GAGCGTCTAT 
20 

(2) INFORMATION FOR SEQ ID NO: 19: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1282 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



25 



(ii) MOLECULE TYPE: cDNA 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

GCATCGTGGA AAGCATGGCT GCCGTCATCA CCTGGGCACT CGCCCTCCTC TCAGTG- 
TTTG 6 0 

CAACTGTACA GGCGAGGAAG AGCTTCTGGG AGTACTTCGG CCAGAACAGC CAGGGC- 
35 AAAG 120 

GCATGATGGG CCAGCAGCAG AAGCTGGCAC AGGAGAGCCT GAAAGGTAGC TTGGAG - 
CAAG 180 

40 ACCTCTACAA TATGAACAAT TTCCTAGAAA AGCTGGGACC CTTGAGAGAG CCTGGG- 

AAGG 24 0 

AGCCTCCTCG GCTGGCACAG GATCCAGAAG GCATTCGGAA GCAGTTGCAG CAAG- 
AGCTGG 3 00 

45 AGGAAGTGAG CACACGCCTG GAGCCCTACA TGGCTGCAAA GCACCAGCAG GTCGGC- 

TGGA 360 

ACCTGGAGGG CTTGAGGCAG CAGTTGAAAC CCTACACGGT CGAGCTGATG GAG- 
CAGGTAG 4 20 

50 GCCTGAGCGT GCAGGATCTG CAAGAACAGC TGCGCATGGT GGGAAAAGGC AC- 

CAAGGCCC 4 80 
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AGCTCCTGGG GGGCGTGGAT GAGGCGATGA GCCTGCTGCA GGATATGCAA AGTCGA 
GTGC 54 0 

TGCACCATAC GGACCGAGTC AAAGAACTCT TCCACCCTTA TGCAGAACGC TTGGTG 
ACTG 6 00 



GAATTGGGCA CCATGTGCAG GAGCTGCACC GGAGTGTTGC TCCTCACGCA GTTGCC 
AGCC 66 0 



CCGCGAGACT CAGTCGCTGC GTGCAGACCC TGTCCCACAA ACTCACACGT AAGGCG 
AAGG 72 0 



ACTTGCACAC CAGCATCCAA CGCAACCTGG ATCAGCTGCG AGATGAGCTC AG 
TACCTTCA 78 0 



TCCGTGTCAG CACAGACGGG GCAGACAACA GAGACTCCCT GGACCCTCAA GCTCTC 
TCTG 84 0 

ACGAGGTCCG CCAGAGACTC CAGGCTTTTC GACATGACAC CTACCTGCAG ATCGCT 
GCAT 90 0 



TCACTCAGGC CATTGACCAG GAGACCGAGG AAATCCAGCA CCAGCTGGCA CCACCC 
CCGC 96 0 

CTAGCCACAG CGCCTTCGCT CCAGAGTTGG GACACTCAGA CAGTAATAAG GCCCTG 
AGCA 1020 

GACTGCAGAG CCGGCTGGAC GACCTCTGGG AAGATATTGC CTATGGCCTT CATGAC 
CAGG 108 0 

GCCATAGTCA GAATAACCCT GAGGGTCACT CAGGTTAACT CTGCAGCTCG TTGTCT 
GGAC 1140 

CCTGAGCCTT CAGCATGGCC TAATAGGCAG AGGGTGGAGG GTCCTGCATA CTATTG 
GCGA 1200 

GGCCACCAAA GGTGCTGCTG CCCCAACCTG TCTGGCCTCC TCAACTCCCC CACT 
CAGGTG 126 0 

CATTACACT C AGTAGGTTTG GC 
1282 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1834 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE : cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ It NO: 20: 

GCATCGTGGA AAGCATGGCT GCCGTCATCA CCTGGGCACT CGCCCTCCTC TCAGTG - 
TTTG 60 

CAACTGTACA GGCGAGGAAG AGCTTCTGGG AGTACTTCGG CCAGAACAGC CAGGGC- 
AAAG 120 

GCATGATGGG CCAGCAGCAG AAGCTGGCAC AGGAGAGCCT GAAAGGTAGC TTGGAG- 
CAAG 180 

ACCTCTACAA TATGAACAAT TTCCTAGAAA AGCTGGGACC CTTGAGAGAG CCTGGG- 
AAGG 24 0 

, 5 AGCCTCCTCG GCTGGCACAG GATCCAGAAG GCATTCGGAA GCAGTTGCAG CAAG- 

AGCTGG 3 00 

AGGAAGTGAG CACACGCCTG GAGCCCTACA TGGCTGCAAA GCACCAGCAG GTCGGC- 
TGGA 3 60 

20 ACCTGGAGGG CTTGAGGCAG CAGTTGAAAC CCTACACGGT CGAGCTGATG GAG- 

CAGGTAG 420 

GCCTGAGCGT GCAGGATCTG CAAGAACAGC TGCGCATGGT GGGAAAAGGC AC- 
CAAGGCCC 4 80 

25 AGCTCCTGGG GGG CGTGG AT GAGGCGATGA GCCTGCTGCA GGATATGCAA AGTCGA- 

GTGC 54 0 

TGCACCATAC GGACCGAGTC AAAGAACTCT TCCACCCTTA TGCAGAACGC TTGGTG- 
ACTG 6 00 

GAATTGGGCA CCATGTGCAG GAGCTGCACC GGAGTGTTGC TCCTCACGCA GTTGCC- 
AGCC 66 0 

CCGCGAGACT CAGTCGCTGC GTGCAGACCC TGTCCCACAA ACTCACACGT AAGGCG- 
AAGG 72 0 

ACTTGCACAC CAGCATCCAA CGCAACCTGG ATCAGCTGCG AGATGAGCTC AG - 
TACCTTCA 780 

TCCGTGTCAG CACAGACGGG GCAGACAACA GAGACTCCCT GGACCCTCAA GCTCTC- 
TCTG 84 0 

ACGAGGTCCG CCAGAGACTC CAGGCTTTTC GACATGACAC CTACCTGCAG ATCGCT- 
GCAT 900 

TCACTCAGGC CATTGACCAG GAGACCGAGG AAATCCAGCA CCAGCTGGCA CCACCC- 
45 CCGC 96 0 

CTAGCCACAG CGCCTTCGCT CCAGAGTTGG GACACTCAGA CAGTAATAAG GCCCTG- 
AGCA 1020 

GACTGCAGAG CCGGCTGGAC GACCTCTGGG AAGATATTGC CTATGGCCTT CATGAC- 
50 CAGG 1060 

GCCATAGTCA GAATAACCCT GAGGGTCACT CAGGTTAACT CTGCAGCTCG TTGTCT- 
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CGAC 114 0 

CCTGACCCTT CAGCATGGCC TAATAGGCAG AGGGTGGAGG GTCCTGCATA CTATTG 
GCGA 120 0 

GGCCACCAAA GGTGCTGCTG CCCCAACCTG TCTGGCCTCC TCAACTCCCC CACT 
CAGGTG 126 0 

CATTACACTC AGTAGGTTTG GCAAACACAG CTTCCGGTGC TCATTTGGGA TCCTAA 
GGAG 1320 

CAAGAGTGGG GTGAAGGGAG TGGGGAGATG GTGTGCGGGG GAGACTGACT GCAAGC 
CAGT 13 8 0 

ACTTGACCGT TGCTAGAAAC CTGTGTCACT ACAACCTGGA GCCCGGCTCC TAT 
TACTTCA 14 4 0 

TGCCTGATGG TCGCTGTTAT AGTCGGTCTA CAGAGGGGAA CTCCTGTCTC CCCAGG 
GTTG IbOO 

TCATGACAGC CTTTGTTGGA AGAGAGCAGG AGAACATGAC ACGTATGATG GAGTGT 
GTAC 156 0 



ATCCCTGCCA GTGGTCCTGC TGGGGGAATC AGTGATGGGA TAAATGTGTG CATCCC 
TGCA 1620 

GTGGTCCTGC TGGGGGATCA GTGATGGGAT GGGGCAGAGC CCCTATTTCC TTAGA 
GAACT 16 8 0 

CTAACCCAAA TAAGGAACTG AGCCCTCTGC AGTGAGGGCT TCTGAAAACC CTGTA 
CATAG 174 0 

CAAACTGTGT GCCCTCTTCA TCATGCAGTC CCCACCTCCT GATTCTCGGG ATGGAA 
CTGA 1800 

CTTTTGGTTG GAATGAAATA GACGCTCATG ATGG 
1834 

(2) INFORMATION FOR SEQ ID NO: 21; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 367 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: protein 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Met Ala Ala Val He Thr Trp Ala Leu Ala Leu Leu Ser Val 
Phe Ala 

1 5 io 

15 

Thr Val Gin Ala Arg Lys Ser Phe Trp Glu Tyr Phe Gly Gin 
Asn Ser 

20 25 30 

Gin Gly Lys Gly Met Met Gly Gin Gin Gin Lys Leu Ala Gin 
Glu Ser 

35 40 45 

Leu Lys Gly Ser Leu Glu Gin Asp Leu Tyr Asn Met Asn Asn 
Phe Leu 

50 55 60 



Glu Lys Leu Gly Pro Leu Arg Glu Pro Gly Lys Glu Pro Pro 
Arg Leu 

65 70 75 

25 B0 

Ala Gin Asp Pro Glu Gly He Arg Lys Gin Leu Gin Gin Glu 
Leu Glu 

85 90 

95 



Glu Val Ser Thr Arg Leu Glu Pro Tyr Met Ala Ala Lys His 
Gin Gin 

100 105 110 

Val Gly Trp Asn Leu Glu Gly Leu Arg Gin Gin Leu Lys Pro 
Tyr Thr 

115 120 125 

Val Glu Leu Met Glu Gin Val Gly Leu Ser Val Gin Asp Leu 
Gin Glu 

130 135 140 

Gin Leu Arg Met Val Gly Lys Gly Thr Lys Ala Gin Leu Leu 
Gly Gly 

145 150 155 

160 

Val Asp Glu Ala Met Ser Leu Leu Gin Asp Met Gin Ser Arg 
Val Leu 

1€5 170 

175 



55 
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w 



His His Thr Asp Arg Val Lys Glu Leu Phe His Pro Tyr Ala 
Glu Arg 

180 185 190 



Leu Val Thr Gly He Gly His His Val Gin Glu Leu His Arg 
Ser Val 

195 200 205 



Ala Pro His Ala Val Ala Ser Pro Ala Arg Leu Ser Arg Cys 
Val Gin 

210 215 220 



15 



Thr Leu Ser His Lys Leu Thr Arg Lys Ala Lys Asp Leu His 
Thr Ser 

225 ' 230 235 

240 



20 



He Gin Arg Asn Leu Asp Gin Leu Arg Asp Glu Leu Ser Thr 
Phe lie 

245 250 

255 



25 



Arg Val Ser Thr Asp Gly Ala Asp Asn Arg Asp Ser Leu Asp 
Pro Gin 

260 265 270 



30 



Ala Leu Ser Asp Glu Val Arg Gin Arg Leu Gin Ala Phe Arg 
His Asp 

275 280 285 



35 



Thr Tyr Leu Gin He Ala Ala Phe Thr Gin Ala He Asp Gin 
Glu Thr 

290 295 300 



40 



45 



Glu Glu lie Gin His Gin Leu Ala Pro Pro Pro Pro Ser His 
Ser Ala 

305 310 315 

320 

Phe Ala Pro Glu Leu Gly His Ser Asp Ser Asn Lys Ala Leu 
Ser Arg 

325 330 

335 

Leu Gin Ser Arg Leu Asp Asp Leu Trp Glu Asp He Ala Tyr 
Gly Leu 

340 34S 350 



so 



Gly 



His Asp Gin Gly His Ser Gin Asn Asn Pro Glu Gly His Ser 



355 



360 



365 
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Claims 

1 . Gene invoked in regeneration processes of the liver and comprising a nucleotide sequence which is at least 70% 
homologous to the sequence shown in Fig. 1 or the complementary strand thereof. 

5 

2. Gene as claimed in claim i, characterized in that its cDNA has a nucleotide sequence which is at least 70% 
homologous to the nucleotide sequence as depicted in Fig. 1 or the complementary strand thereof. 

3. Gene as claimed in claims 1 and 2 for use in the design of PCR probes for detecting nucleotide sequences in a 
io source material, which nucleotide sequences represent genes corresponding with the gene sequence shown in 

Fig. i. 

4. Gene as claimed in claims i and 2 for use as a marker of liver proliferation. 

is 5. Protein encoded by a gene as defined in claims 1 and 2 and comprising an amino acid sequence which is at least 
70% homologous to the ammo acid sequence given in Fig. 2. 

6. Protein as claimed m daim 5 having the amino acid sequence as depicted in Fig. 2 or the complementary strand 
thereof. 

20 

7. Protein as claimed in claims 5 and 6 for use in diagnosis of liver regeneration and/or Uver cell proliferation. 

8. Antibodies directed against a protein as claimed in claims 5 and 6. 

25 9. Antibodies as claimed in claim 7 for use in a method for detecting the occurrence of liver cell proliferation in a sub- 
ject. 

10. Antibodies as claimed in claim 8 or 9 which antibodies are monoclonal antibodies. 
30 11. Antibodies as claimed in claim 8 or 9 which antibodies are polyclonal antibodies. 

12. PCR primer, comprising at least part of the gene as claimed in claim 1. 

13. PCR primer, comprising at least part of the nucleotide sequence as shown in Fig. 1 or its complementary strand. 

35 

14. PCR primer as claimed in claims 12 and 13. wherein the "at least part of the nucleotide sequence" encompasses 
10 to 50. preferably 15 to 30. more preferably about 20 nucleotides. 

1 5. PCR primer as claimed in claims 12 to 14 having the nucleotide sequence as depicted in Table I or the complemen- 
^0 tary strand thereof. 

1 6. PCR primer as claimed in claims 12 to 1 5 for use as a probe in a method for detecting the occurrence of liver pro- 
liferation in a subject. 

45 17. PCR primer as claimed in claims 12 to 15 for use in the detection of gene homologous to the gene as claimed in 
claims 1 to 3. 

18. Single stranded nucleotide sequence being at least in part complementary to the messenger RNA transcribed from 
a gene as claimed in claims 1 to 3. 



so 



55 



19. Single stranded nucleotide sequence as claimed in claim 18 which is antisense RNA. 

20. Single stranded nucleotide sequence being at least in part complementary to the DNA or the cDNA from a gene as 
claimed in claims 1 to 3. 

21. Single stranded nucleotide sequence as claimed in claims 18-20, further provided with a detectable label. 

22. Nucleotide sequence as claimed in claims 18 to 21 for use as a probe in a method for detecting the occurrence of 



20 
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liver proliferation in a subject. 
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23. Nucleotide sequence as claimed in claim 22, characterized in that the method in which the nucleotide sequence 
is used as a probe comprises the steps of: 

e 

a) obtaining a sample of a tissue or body fluid; and 

b) detecting the amount of messenger RNA transcribed from a gene as claimed in claims 1 to 3 in that sample 
in comparison to z reference sample by means of the probe. 

w 24. Nucleotide sequence as claimed in claim 23, wherein the sample is a liver biopsy, plasma or serum. 

25. Nucleotide sequence as claimed in claim 18, 20 or 21 for use as a probe tor screening a liver cDNA or genomic 
library. 

is 



25 



30 



35 



40 



45 



SO 



21 



EP 0 976 824 A1 




o u 

o u 

< o 
o o 

< < 
u o 

< u 
o < 

o u 

o u 

H H 

O O 

H H 

O U 

a h 

u u 

E- U _ 

H {- . 

U U 1 

< u ^ 
H < 
O O , 



H u 

u u 

o o 

< Eh 

o u 

Eh < 

< U 
O < 

< O 

O < 

U U 

8 2 

U U 

C5 < 



< 

u 

Eh 



S 



tH iH H rH i-H rH rH 
LTI O LD O LO O LO 

»h iH cm cnj m m 



rH rH rH rH H H 
O LO O LO O LO 

^ ^ i/) in io 



H tH H 
O LO O 

co 



22 



EP 0 976 824 A1 



Eh 


< 


< 


u 


CJ 


o 


o 


o 


Eh 


Eh 


o 


cj 


a 


O 


o 


< 


Eh 


cj 


< 


cj 




< 


< 


u 


u 


o 


cd 


' < 


E-i 


u 


u 


u 


u 


Eh 


< 




Eh 




U 


< 


u 


CD 


< 


CD 


a 


< 


< 


CD 


cd 


cj 




u 


< 


•< 


cj 


o 


< 


< 


cd 


cd 


a 


o 


Eh 


<c 


Eh 


u 


Eh 


u 


Eh 


< 


U 


cd 


O 




CD 


Eh 


< 


< 


u 


U 


u 


U 


E-i 


CD 


u 


CD 


< 




o 


U 


< 


Eh 


cd 


U 


< 


< 


u 


u 


u 


Eh 


rH 


rH 


LO 


O 


00 


cn 





CD 


Eh 


CD 


CD 


u 


< 


CD 


U 


U 


Eh 


CJ 


Eh 


U 




u 




< 


< 


CJ 


Eh 




U 




< 




2 


CD 


CD 


CD 


CD 


CJ 




CD 


< 


CJ 


H 


CD 


Eh 


Eh 


O 


CD 


CD 


Eh 


< 


< 


CJ 


Eh 


CD 


CD 




< 


CD 


CJ 


CJ 


u 


u 


u 


CJ 


o 


Eh 


CD 


cd 


u 


< 


CD 


CD 


CD 


< 


CJ 


< 


u 


Eh 


CJ 




Eh 


CD 




u 


Eh 


CD 


u 


CJ 


Eh 


CD 


< 




CJ 


CD 


u 


CD 


< 


Eh 


< 


CJ 


Eh 


CJ 


CD 


u 


< 


< 


u 


u 


CD 


CD 


u 


Eh 


CD 


CD 


CJ 




< 


CJ 


<C 


Eh 


u 


Eh 


U 


CD 


U 


u 


CD 


U 


CD 




CD 


CJ 


< 


Eh 


u 


Eh 


Eh 


u 




< 


U 


3 




U 


Eh 


< 


< 


CD 


U 


u 


< 




u 


CJ 




rH 




rH 


in 


O 


LO 


CTi 


o 


O 




rH 


rH 



Eh < 

Eh CD 

cj u 

CJ o 

CD CD 

< Eh 
O H 
Eh < 
CJ Eh 
U CJ 

CJ < 

< H 

CD < 

O CJ 

Eh CD 

CJ Eh 

Eh CJ 

CD CJ 

Eh Eh 

Eh CD 

CD CD 

CJ CD 

Eh < 

CJ CD 

CD CD 

< Eh 
CJ CD 
CD CD 
Eh CD 
CJ < 



CJ 
CJ 
CJ 
CJ 

Eh 

a 

is 

CJ 

Eh 

u 

CJ 
Eh 
CJ 
CJ 
CD 
CD 
Eh 

U CJ 
H CD 

CD CD 
Eh Eh 



CJ 
CJ 

a 

CJ 



Eh 
Eh 
CD 
CD 

< 

Eh 



Eh 
CJ 

$ 

Eh 
Eh 
CD 

CD 

< 

CJ 



CD 
< 
CJ 
CD 
CD 
< 

Eh 



CJ CD 

CJ < 

CD CJ 

Eh Eh 

U CJ 

CD < 



Eh 
CJ 
CD 

Eh 

CD 



Eh 
< 



H CD a 



Eh CJ 

CJ CJ 

< CD 
CJ CD 

Eh H 

CD < 

CD CJ 

CD CD 

< < 
CD CJ 




CXI 

I 

< 

ID 



rH 
O 



LO 
rH 
rH 



O LO 
CN CM 
H rH 



•MSOOCIO «EP OP7Q874A1 



23 



EP 0 976 824 A1 



< < CD 
O < CD 
CD CJ H 
U < u 

< a cj 
cj cj <. 

Eh U ^ 

U H U 

u cd cd 

H E- CJ 



CJ CJ <£ 

CD CJ < 

H O U 

H < U 

CD CD Eh 

H < < 

CD U -O 

< a o 

O Eh < 

o cd u 

o u o 




< 



u a 

< Eh 

cj u 

CD CD U 

H CJ CD 

CJ H Eh 

CD CD Eh 

< < CJ 
CD U < 



CD CD 

CD CJ 

CD U 

<C CD 

CD CD 

< < 
CJ CD 

< CJ 
CJ < 

CD CD 

< Eh 
CJ U 
Eh Eh 
CD U 

Eh Eh 

CD CJ 

CJ H 

U U 

Eh O 

6 $ 

Eh O _ 

Eh Eh ^7 

u u rn 

CD CD . n 

< O □ 



CD CJ Eh 

O Eh U 

3 y u 

< CD CJ 
p < H 
U CD O 
CD Eh 
CD < 

< CD 

< < 



< 
CD 
< 
CD 



< CD CJ 
CD Eh CD 

O Eh 

H Eh 

CD CD 

U Eh 

H CD CD 

< < < 
U U CJ 
O Eh U 



H CD 4 

O U U 

CJ CD ^ 

< Eh ^ 

CJ u u 

< CD < 

< CD 
O < 

Eh CJ 

< CD 



U 

Eh 

CJ 

< 



i— IrHi-HiHrHfHiH!— IrHf— IrHi— I^^J 



LO O 

oo 



24 



EP 0 976 824 A1 



H <C < 

< CJ CD 

u cd < 

cd cd u 

H H H 

CJ CJ CJ 

CD O 

cj < 

H U 



< 

cj 



< cj cd 




CJ CD H 

< CD CJ 
CJ < CD 

< cd cj 

CD CJ H 
HUH 

< < CJ 
CJ CD CJ 

< < CD 
CD CD CJ 



CJ CD CD 

H < < 

H O CJ 

H U <C 

H < CJ 

CJ CD CJ 



CD H 
CD H 



CD 
< 
H 



CJ CJ CJ 



CJ CJ CJ 

H CD CD 

U CD U 

< < CJ 
CD U U 
«C H U 
CD CJ CJ 

< < < 
U U U 
CJ H CJ 



o 


H 


r 

H 


< 




r t 

CJ 


r . 

H 


r t\ 




u 


u 


u 




u 




CD 


u 






O 


r 




< 




U 




CD 


E-< 


CJ 




H 


<< 






u 


Eh 


CD 


CD 


U 


U 


CJ 


< 


CJ 


< 


< 


CJ 


< 


H 


CD 


H 


CD 


< 


CD 


CD 


CD 


U 


H 


< 


H 


CD 


CJ 


H 


CJ 


H 


CD 


< 


H 


a 


CD 


CJ 


CD 


CJ 








L * 


CJ 


CD 


H 


CD 


CD 


CD 


CD 


CD 


< 




CJ 




CD 


< 


H 


< 


< 


CJ 


CJ 


CD 


CJ 


CJ 


CD 


CD 


CD 


< 


< 


H 


H 


CD 


CJ 


CD 


CJ 


H 


O 


CD 






t-, 

L 1 


CD 


CD 


u 


CJ 




< 


H 


H 


CD 


CJ 


H 


CJ 




CD 


CJ 




CJ 


< 


CJ 


< 


CD 


CD 


CD 


H 




H 


CD 


H 




CJ 


H 


CD 


H 


CJ 


< 


O 




CJ 


H 


< 




CD 


U 


CJ 


H 


CD 


U 


H 


U 




cd 


CJ 


U 




H 


< 


CD 




H 


CJ 


CD 




< 


H 


H 


a 


H 


O 


< 


H 


< 


a 


CJ 


CD 


CD 


CD 


CD 


< 




< 


< 


CJ 




o 


CJ 



CJ 


CJ 


CD 


CJ 


CJ 


CD 


H 




CJ 


H 


<< 




CJ 


CD 


CD 




H 


CD 




CD 


CJ 


CJ 


o 


<C 


*J 


CJ 


o 


H 


<a! 


H 


o 


CJ 


CJ 






CD 


H 


CJ 


H 


H 


CJ 


<2 


CD 


H 


CJ 




& 


CD 


H 


y 


CD 


U 


CJ 




CD 


U 


CJ 


CJ 


CD 


< 


CD 


<£ 




CD 


CD 




< 


H 


H 




CD 


H 


r j 


rj 


L 


r i 


H 


CD 


o 


< 


CD 


O 


CD 


H 


H 


H 


CD 


CD 


CJ 


H 


CD 


< 


CJ 


H 


H 


CJ 




CD 


CD 


CJ 


< 


CD 


< 


CD 


u 


< 






u 


H 






r » 






r ) 


CJ 


< 


5 


CD 


CD 


U 


CD 


H 


H 


H 




CJ 


CJ 


U 


CD 




CD 


< 


CD 


o 


H 


u 




H 


U 






U 


CD 


H 


H 


< 


H 


H 


CJ 




CD 


< 


CJ 


<c 


CD 


CJ 


H 


CD 




CD 


< 


O 




H 


CD 


CD 




CD 


CD 


CD 


CJ 


CD 


CD 


CD 


CJ 


< 


H 


CJ 


< 


U 


H 


CD 


CJ 


H 


H 


H 


CJ 


U 


< 


CD 


CD 


< 


CJ 


H 


CD 


U 


H 


CD 



CD CD CD 

CD H H 

H H < 

< CD CD 

CD CD H 

H CD < 

CJ < H 

U CJ CD 

CD CJ CJ 

H CJ < 



< H 

CD < 

CD CD 

CD O 

H CD 



CD 
H 
U 



< 

CD 
H 
CD 
< 



H 

O 
H 
CD 



CD 
CD 



«C U U 
U H rfj 
H U CD 
H H H 
U CD 
< H 
" CJ 
U 
H 
CJ 



H 
H 
< 
H 



< 



u < o 

CJ < CD 



H CD < 

u a u 

CD CD CD 

CD CD 

CJ < 

U CD 

U < 

CD U 



< 



<c < <c 

CD H CD 

CD CJ CD 

H H H 

CJ CD H 

CJ CD CD 

< a h 

< H H 

CJ CD H 

< < U 



CJ < 

Eh CJ 

CD CD 

CD CD 

CD CD 

CD CD 

CD CD 

H H 

U U 

CD CD 

H H 

CJ CJ 

CJ CJ 

H H 

CD CD 

CD CD 

H H 

CD O 

< < 

CJ CJ 

CJ CD 

CD H 

H CJ 

CJ CJ 

CJ CJ 

CJ H 

H < 

< CJ 



H 
CJ 

5 CNl 

< 1 
CD CD 
<.\ — 
H 

H u 

U 
U 
H 
H 
H 
< 
H 
U 
U 
CJ 




rH 


rH 


rH 


rH 


H 


rH 


rH 


H 


H 


rH 


rH, 


rH 


H 


rH 


rH 


H 


rH 




O 


in 


O 


in 


O 


in 


O 


in 


O 


in 


O 


in 


O 


in 


o 


in 


00 






o 


o 


rH 


rH 


CNJ 


CN 


ro 


m 






m 


tn 












rH 


rH 


rH 


rH 


rH 


H 


rH 


rH 


rH 


rH 


rH 


rH 


rH 


rH 



25 



EP 0 976 824 A1 




< o 



O 



O 
U 

U 
H 



O 



u 


H 


O 


r % 


vJ 


CH 










r j 






r * 

\J 


r . 
H 




u 


U 


O 


a 


O 


H 




U 


U 


u 


< 




u 






u 


< 


U 


Eh 


Eh 


O 


O 




O 


< 




O 


u 






o 


o 


o 




Eh 


H 






O 


O 


s 


< 


H 


o 


U 


6 


o 


O 




H 


Eh 


H 


H 


U 


H 


o 


H 


u 


O 


O 


Eh 


H 


u 


U 


Eh 


u 


a 


H 


CD 


a 


H 


< 


o 


U 


rH 


rH 


rH 


o 


in 


o 






00 


rH 


rH 


rH 



m 
i 

CD 
ID 



« Eh 

►■h CO 

CO > 

W U 

a w 

3 w 

« a 

a a 



> x 



O 

w 
a 



M 

u 

Eh 
> 

OS 



Q W 



in 



ID 



E— 1 


M 








rv 1 




< 








Of 


M 






L> 




Q 






u) 




W 






t— 1 




s 










1-1 






K 


M 


Q 






o 


o 


Q 






M 










CO 










p , 

H 


H 


CO 








Q 


a 
















Q 




OS 








fa 


CO 






$ 










id 


o 


-6 






OS 










H 










tJ 


a 


CO 






k> 
t-< 




Q 






hH 

m 




CO 






CO 


w 










Q 


o 






r 

H 


CO 


•J 






o 




w 


















o 


< 










Cti 




* 

LD 


CO 


Q 


< 






rj 




CO 




1 1 




CO 


X 








Q 


CO 


o 






Oi 


CO 




CO 












9 


Oj 


O 




> 


< 




u 






o 










Q 










Eh 


o 








CO 


K 


a 




> 


> 


o 


CO 




r/"\ 

CO 


0£ 


M 


X 




OS 


M 


w 


o 






fa 


w 


a 










Q 




W 


CO 


w 


X 




a 




a 






> 


w 


Q 


u 




rH 


rH 


rH 


rH 




O 


LO 


o 


LO 




CM 




m 


n 





»*SOOCiD <EP 00768?4At t > 



26 



EP 0 976 824 A1 




BNSOOClD «EP 0076824A1 t > 



27 



EP 0 976 824 A1 



Expression of rat liver RAP3 mRNA 

(large size) 



25000 
20000 
15000 
10000. 
5000 
0 









■ sham operation 


















□70% hepatectomy 




_■ 









12 18 24 
hours after operation 



'30 



Expression of rat liver RAP3 mRNA 

(small size) 

10000 



8000 
6000 
4000 
2000 
0 



■ sham operation 
□ 70% hepatectomy 




6 12 18 24 30 
hours after operation 



FIG.4B 



28 



EP 0 976 824 A1 




8NS0OC10 «EP 097082** i i - 



29 



EP 0 976 824 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appttosvon Number 

EP 98 20 2336 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cat»tjwy 



Citation of document wfth indention, where aopropnate, 
of ratevam piiffltama 



to claim 



CLASSIFICATION OP THE 
APPLICATION (MXU) 



HARRA M ET AL: "Sugano mouse liver ml i a 
Mus musculus cDNA clone 1431407 similar to 
apolipoprotein A-IV (accession number 
AA987093)" 

EMBL SEQUENCE DATABASE ,29 May 1998. 

XP002095461 

Heidelberg, Germany 

♦ the whole document * 

WO 96 39540 A (ADVANCED TISSUE SCIENCES 
INC) 12 December 1996 

* the whole document * 



Tha pn*Mcit Much report has bean drawn up tor 41 claims 



THE HAGUE 



3,12-14, 
16-25 



C12N15/12 
C07K14/47 
C07K16/18 
C12Q1/68 



1-25 



TECHNICAL FIELDS 
SEARCHED pnLCM) 



C07K 
C12N 
C12Q 



3 March 1999 



Oderwald, H 



CATEQOHY Of CfTEO OOCUMEffTS 

pMUcui«V ralvvwtt I uhwt item 
pstioutarV ntovani I o m tt h U ml w«h motto 



A 

0 : nofrwrton dKhwn 
P:k**r, 



or prmctpia uraulytiQ the irwvaon 
pmrntA docuiwtt.buipuDlMiwdon.cv- 



cAvd ki Km apptfcaiion 
rtmrt tnr nthw r»—noi 



e panrt tamty. eornBapondnQ 



BNSOOCIO «EP 0076874A1 t » 



30 



EP 0 976 824 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 20 2336 



This amex !«ts me patent ta/nrty memberi relating lo the patent document* cited in tha abotw-meniioned European aaarch report. 
Tha •nemberc v« as contaned in the European Potent Office EOP Re on 

Tha burcpean Patent Office It In no way l*>te tor these parKculafa which m merely £ven tor tha purpoaa of information. 

03-03-1999 



Patens document 
caed n aaeich moon 


Publication 
date 


Patent family 
member! t) 


Publication 
data 


WO 9639540 A 


12-12-1996 


AU 


6160396 A 


24-12-1996 






CA 


2223707 A 


12-12-1996 


I 




EP 


0832289 A 


01-04-1998 



t For more detaik about tits annex : tea Official Journal o< toe European Patent Office, No. 12/82 



bnsoocio «ep oeree?4At i > 



31 



